Effective use of methods, techniques and tools for innovation (MTT-I) has been considered an important factor for successful innovation management. However, studies related to the topic are still scarce, especially those using the quantitative empirical approach for research. Thereby, with the analysis of quantitative empirical papers related to diffusion and adoption of methods, techniques and tools for innovation, we intend to present a portrait of the empirical research on the topic. The analyzed papers were obtained through a systematic survey on two databases: Scopus and Web of Science. It resulted on a corpus of 18 publications, from which main papers, authors, countries and journals that most published about the theme and the most common keywords were identified. Later, the analysis of papers generated an overview of quantitative empirical research related to the topic and indicated areas for further study, contributing to the development of the subject. The study identified the scarcity of research related to the theme of diffusion and adoption of MTT-I and the concentration of quantitative empirical researches in product development, rather than in other results of innovation, such as services and processes. Methodological variations between studies were also identified, making it impossible to compare different contexts. This paper concludes displaying important points for further development of the field.
INTRODUCTION
The study of innovation gained notoriety as from the 80s, since organizations realized that their ability to innovate strongly affects the future of the business. There are various points of view and concepts regarding innovation (CROSSAN; APAYDIN, 2009). Baregheh, Rowley, Sambrook (2009) argue that innovation is the multi-step process through which organizations transform ideas into products, services, or new/improved processes, in order to successfully progress, compete and differentiate themselves in the market.
Given its importance for organizations, several studies have focused on the innovation process, particularly looking at ways to improve it as a whole. These studies began with an increased focus on product development area (focusing on physical goods) and, over time, efforts have been transferred to the area of innovation, in order to cover other results of the process, such as new and/or improved services and processes. In general and simplified terms, the process of innovation consists of three parts -front end of innovation, development and implementation. The first part, the front end of innovation, corresponds to all activities performed until the decision making about an innovative concept and the beginning of its development, including for example the identification of opportunities and the generation of ideas; the second part, the development, corresponds to activities performed in order to specify and detail the concept as to make implementation possible, including for example prototyping, testing and project detailing; and finally the last part, the implementation, represents activities that "bring the concept to life", including production and market introduction, if applicable, since not every innovation is commercialized (SMITH; REINERTSEN, 1991; KOEN et al., 2001; HERSTATT et al., 2006) .
The dimension covering important decisions to be taken in relation to the innovation process in general refers to which approaches (methods, techniques or tools) should be used in the process. These approaches support the understanding, analysis, decision and action throughout the innovation process (PHAAL et al., 2012) . Among these approaches, here called methods, techniques and tools for innovation (MTT-I), are included brainstorming, morphological analysis, focus groups, concept testing, scenarios, return on investment (NIJSSEN; LIESHOUT, 1995; D'ALVANO; HIDALGO, 2012) . Other terms are used to refer to the MTT -tools (COULON et al., 2009; FRAMBACH, 2000; ALBORS, 2008) ; tools and techniques (FLEISHER, 2006; IGARTUA et al., 2010) ; methods (LICHTENTHALER, 2005) ; models and methods (NIJSSEN; LIESHOUT, 1995) . Analysis of the work related to the subject shows a confusion in the terminology (PHAAL et al., 2012) , since authors do not seek to explain the conceptual and operational differences, even when using two terms to name the approaches. Furthermore, few studies address the issue of terminology (e.g. SHEHABUDDEEN et al., 1999) . Here the terms methods, techniques and tools will be initially used without distinction between them, considering that they can be a document, framework, procedure, system or method that enables the organization to achieve or clarify a goal (BRADY et al., 1997) .
Effective use of MTT-I has been an important element in the management of the innovation process (THIA et al., 2005) , since they facilitate the ability of an organization to appropriately introduce new technologies in products, processes and the necessary changes to the organization itself (HIDALGO; ALBORS, 2008). MTT-I can help them manage innovation, adapt to new circumstances and face the market challenges in a systematic way (IGARTUA et al., 2010) . Chiesa and Masella (1996) stated in their audit model of the technological innovation process that the effective use of appropriate MTT-I is one of the three most important facilitators of the innovation process, together with the development of human and physical resources, leadership and support from top management.
While they can not guarantee success, the use of MTT-I may identify problems systematically, complementing the organization's efforts (COOPER; KLEINSCHMIDT, 1986) . Therefore, two concepts are important in the study of MTT-I: diffusion and adoption. Adoption refers to the company's decision to use an MTT-I in their innovation process or reject its use, and diffusion refers to the cumulative number of companies that have adopted a particular MTT-I over time (CHAI; XIN, 2005) .
Exploratory surveys in the literature conducted by the authors of this study showed a predominance of works focusing on proposing and/or studying a MTT-I rather than studies focusing on the diffusion and adoption of MTT-I by organizations, which would focus on an amount of MTT-I.
Thus, given the importance of methods, techniques and tools for the innovation process and the need of understanding how the empirical research have been approaching the diffusion and adoption of MTT-I, we established the following research question: how diffusion and adoption of methods, techniques and tools for innovation (MTT-I) have been empirically studied?
To answer the research question, a systematic survey was performed in two scientific databases, followed by categorization of collected works and analysis of those whose empirical studies have focused on the diffusion and adoption of MTT-I. This paper discusses the results of the analysis of quantitative empirical papers, considering that, by representing larger samples and often testing hypotheses, quantitative papers bring stronger conclusions to the field and are more appropriate to answer the research question. However, qualitative papers collected in this research were used additively, in order to substantiate the analysis here exposed.
In section two, this paper presents the methodological procedures to the study; in section three, the results of the analysis of quantitative empirical papers; in section four, the final considerations and proposals for future research; and finally the literature references.
METHODOLOGICAL PROCEDURES
Results were obtained from two distinct phases: a) survey of papers related to MTT-I; b) analysis of quantitative empirical papers related to MTT-I. In the first phase, in addition to the survey of papers, we made a bibliometric overview of research in this area as well as the identification of quantitative empirical papers central to this study. This phase was performed through the steps proposed by Botelho, Cunha and Macedo (2011) . The authors divide the process of an integrative review in six steps:
Step 1 -Identification of theme and selection of the research question: From the aim of the research and the proposed research question, it is necessary to define the keywords that will be used in the search. Accordingly, the search was conducted in January 2014 in Scopus and Web of Science databases to the following terms combined with the term innovation: method; technique; tool. The search observed titles, abstracts and keywords. Tens of thousands of papers were found, which could make the analysis impracticable. Also, we found out that in some cases, MTT-I are discussed in such fields as development of new products and technological intelligence, and these terms are mentioned in the papers' titles without the term "innovation". Thus, in order to facilitate the analysis we decided to conduct the search only in the titles of papers. So that relevant papers were not lost, it was decided to expand the keywords search. Thereby, the terms front end; innovation; product development; technology development; technology intelligence; technology management were selected to search in the databases, individually combined with the terms method, technique and tool.
Step 2 -Establishment of inclusion and exclusion criteria: Through an in-depth analysis, the papers were classified according to four criteria: a) the amount of MTT-I (one; more than one); b) the predominant source of data (empirical; theoretical); c) the predominant search approach (qualitative; quantitative); d) the subject (diffusion and adoption of MTT-I; others). The classification regarding the amount of MTT-I specifically is justified since the analysis of the papers showed that those discussing more than two MTT-I had a predominantly generic approach to the MTT-I study, mainly focusing on diffusion and/or adoption of these, differently from those of the second group whose focus was mainly the proposal and/or application of a specific MTT-I. From the result of this analysis, two sets of empirical papers on diffusion and adoption of MTT-I were obtained: Group A, with 10 qualitative empirical papers and Group B, with 14 quantitative empirical papers.
Step 3 -Identification of pre-selected and selected studies: Titles, keywords and abstracts from pre-selected studies were read in order to verify if they would contribute to the purpose of this research. When it was not possible to extract the necessary information to these criteria, the papers were read in full. At the end, a summary table of selected studies was created for this review. As to the selected works, an analysis of their references was also made to check for other published related work in journals that were not available in the databases. At the end of this analysis, four quantitative papers were found and added to the analysis portfolio (Group B) . No other relevant qualitative papers were found.
Step 4 -Categorization of selected studies: Searches were carried out differently according to the available parameter in each database, but with the help of the software EndNote® -to which the references were imported -the results were filtered to obtain the same criteria for the four bases. With selected papers, information such as number of citations, context in which they were developed, methodological approach, purposes, and others were verifyied as needed in order to have an overview on the topic.
Step 5 -Analysis and interpretation of the results: As mentioned earlier, this paper presents the results of the analysis of quantitative empirical studies related to diffusion and adoption of MTT-I.
Thereby, the 18 papers of Group B were analyzed. We tried to generally identify -besides purposes and results of the studies -how the quantitative approach was used. Then, hypotheses, constructs and variables of the studies were analyzed and the results are presented in the next section.
Step 6 -Presentation of the review/synthesis of knowledge: In this step -described in the next chapter of this work -the main results of the research are presented, summarizing the studied papers and explaining possible relationships between them. In addition, gaps of research were identified as well as proposals for future work (see for example Mibler-Behr, 2012) , aiming to meet the goal set for this research.
RESULTS
With respect to the total of papers collected, there was a predominance of research related to a single MTT-I, whether related to the study of an existing MTT-I or to the proposal of a new one.
Papers dealing with a single MTT-I were disregarded from the analysis of this study. From qualitative and quantitative papers surveyed, there was a predominance of those using the quantitative approach (see graph in Figure 1 ), which are the focus of this work, since they provide a more comprehensive view of the diffusion and adoption of MTT-I . Consequently, as mentioned, this paper focuses on the results arising from the analysis of empirical papers that have adopted the quantitative research approach (Group B), which are a total of 18 papers. The 18 selected papers involved 35 authors (including co-authors), were published in 14 different journals and used 55 different keywords. However, qualitative papers collected in this survey were used in addition, in order to substantiate the analysis here exposed. Concerning keywords used to describe papers, it was observed that the majority of those most frequently cited keywords are related to product development, meaning physical goods. The most used terms were: new product development (3 cases); knowledge management tool (2); product innovation (2); tools and techniques (2). Analysis of keywords showed that most studies focus on the context of product development, specifically goods. Few of these works address the topic of services, and when it is addressed it only appears as one of the research contexts (see MAHAJAN; WIND, 1992; ALBORS, 2008) . No papers were found addressing, even if secondarily, innovations in process, in marketing methods or in organizational methods.
The terms methods, techniques and tools also appear among the keywords, together with other terms or separately. Method appeared once, technique three times and tool seven times. Although the term method is used only once among the keywords, it is used in the title of six of the collected papers, indicating the recurrence of its use in literature (NIJSSEN; LIESHOUT, 1995; ARAÚJO et al.; ENGELBREKTSSON; SODERMAN, 2004; FUJITA; MATSUO, 2006; CREUSEN et al., 2013;  GRANER; MIBLER-BEHR, 2013). Table 1 introduces the purposes of research, types of innovation focused by studies and context of the studies. As already mentioned, most of the works focused on innovation in products, specifically goods. It should be noted in this regard the works of Mahajan and Wind (1992) and D'Alvano and Hidalgo (2012) , which addressed the issue more broadly, also covering services. Mahajan and Wind (1992) To determine the role of product development models in the support or improvement of NPD process.
Development of new products (goods and services) USA Nijssen and Lieshout (1995) To study diffusion, adoption and satisfaction of NPD methods and techniques.
Development of new products (goods)
Netherlands Araújo et al. (1996) To determine the methods' level of utilization during the product development process and their contribution to the quality of the product.
United Kingdom Nijssen and Frambach (1998) To study the adoption and use of NPD tools by companies offering market survey services.
Netherlands and Belgium Nijssen and Frambach (2000) To study the determinants of adoption and diffusion of tools and techniques for the development of new products by industrial companies.
Development of new products (goods) Netherlands
Gonzáles and To examine the relationship between popular techniques of new product development and the success of the new product.
Development of new products (goods)

Spain
Palacios and Gonzáles (2002) To identify the most useful techniques to accelerate the product development process.
Development of new products (goods) Spain
Engelbrektsson and Soderman (2004) To investigate the use and perception of methods and product representations in Swedish companies and its possible impact on the problems associated with the late discovery of customer needs.
Development of new products (goods)
Sweden Chai and Xin (2006) To investigate the adoption of NPD tools in Singapore, measured by the frequency and depth of the tools used and factors related to these tools that can affect the application.
Singapore Fujita and Natsuo (2006) To investigate the awareness and use of tools and methods in Japanese companies.
Japan Hidalgo and Albors (2008) To provide a comprehensive review of the scope, trends and major actors (companies, organizations, consultants, academia, etc.) in the development and use of methods to manage innovation in the knowledge-based economy.
Innovation Europe
Val Jauregui and Justel Lozano (2008) To determine the level of use of different tools applicable to the FEI in Basque companies.
Innovation (goods) Spain
Llorente-Galera
To check if direct suppliers to automakers located in Catalonia develop technological innovations, using certain systems and automation techniques to perform the design and/or development of their products, which enable to achieve product innovation with competitive cost, quality and time.. After Nijssen and Frambach (2000) we found studies which, through hypothesis testing, aim to identify the factors which determined the adoption of the MTT-I by organizations surveyed (see Table   2 ). Three works, besides Nijssen and Frambach (2000) , fit this category (CHAI; XIN, 2006; VACCARO et al, 2010; MIBLER-BEHR, 2013) . Table 2 presents the hypotheses tested in analyzed studies, as well as their results. In the Results column, the following nomenclature was used:
S for "supported"; WS for "weakly supported"; PS for "partially supported"; R for "rejected". There are several reasons for using MTT-I. According to Nijssen and Lieshout (1995) identifying problems is the main motivation. According to Chai and Xin (2006) , an MTT-I will only be valuable when used in a position to provide tangible or intangible value to the user. Thereby, to the authors, the improvement of the project and the reduction of developing time are tangible benefits that can be observed in the short LIESHOUT, 1995), predictability of unforeseen problems (MAHAJAN; WIND, 1992; LIESHOUT, 1995; FRAMBACH, 1998; CHAI; XIN, 2006) and the possibility that the market is too complex to capture all the aspects of MTT-I (MAHAJAN; WIND, 1992; LIESHOUT, 1995) . MTT-I are also mentioned for having a high cost of implementation (e.g., Mahajan and Wind (1992) cite the home use test) and being of difficult implementation (e.g., Nijssen and Lieshout (1995) cite the QFD). Moreover, the complexity of the MTT-I, the possible difficulty of learning how to use it and the lack of an easy-to-use software are deficiencies that negatively affect the application of MTT-I (MAHAJAN; WIND, 1992; CHAI; XIN, 2006) .
Table 2 Hypotheses and test results
Reference Hypotheses Results
Nijssen and
There are still MTT-I based on matrices that according to Phaal et al. (2006) Regarding context, it appears that most of the work is concentrated in Europe and the United
States. It was found only one work dealing with the Brazilian context (VACCARO et al., 2010) .
Although a significant part of the works seek to identify which MTT-I are used in every part of the product development process, or the innovation process (eg MAHAJAN; WIND, 1992; LIESHOUT, 1995; YEH et al. 2010) , few studies have focused specifically on the initial activities of the innovation process or the product development process, except for Creusen et al. (2013) and Val Jauregui and Justel Lozano (2008) . However, both works deal with the product development context.
Still on the topic of context, some researches make possible -due to being quite similar -the comparison of results between different contexts, as is the case Mahajan and Wind (1992) and Nijssen and Lieshout (1995) .
Under the methodological point of view, the low response rate obtained by a relevant part of the studies stands out. The mean response rate was about 30%. However there are rates such as obtained by Chai and Xin (2006) , of 4.7%, and as obtained by Hidalgo and Albors (2008) , 10.65%.
Few studies indicate the reasons for the low response rate. Chai and Xin (2006) for example attribute this problem to the difficulty of identifying companies involved in developing new products in the database of companies available for the study. 
FINAL CONSIDERATIONS
This study analyzed the quantitative empirical researches regarding the diffusion and adoption of methods, techniques and tools for innovation (MTT-I). The papers analyzed were obtained from a systematic survey in two databases: Scopus and Web of Science. After the elimination of repeated papers and those not relevant to the study, we reached a total of 14 papers, which were added to four other papers selected from the references of papers initially surveyed. Thus, the basis of analysis consisted of 18 quantitative empirical papers. The little attention given to the subject, despite the clear benefits in relation to the MTT-I use, indicates that this field is fertile for further research.
Terminology issues seem to be still unresolved in this field. It was found that although conceptually distinct, the terms diffusion and adoption are poorly differentiated in studies. Works The inclusion of the theme of innovation in the studies eventually leads to another important point, the degree of process structuring. While in the development of new products the design process appears to be related to a higher performance, there are still discussions regarding the structuring in the beginning of the innovation process, the front end of innovation (FEI). The activities that take place within the FEI are traditionally characterized by low levels of formalization and often remain interrelated, unstructured and uncertain (KHURANA, ROSENTHAL, 1997) . While in the development of new products the structuring is related to a greater use of MTT-I, this may not be true in FEI, or may even reduce its performance. One argument against the formality and structure of the FEI is that much time can be spent in preparation for evaluations (COOPER; KLEINSCHMIDT, 1990; AAGAARD; GERTSEN, 2011 ). An even more problematic concern is that excessive formality can reduce creativity and flexibility to the FEI (VERGANTI, 1999) . The low number of studies related to MTT-I adoption in FEI demonstrates the latent need for further understading in this field.
Another point that deserves further development is related to shortage of works in different contexts. Like Nijssen and Lieshout (1995) , who compare their results to those previously obtained by Mahajan and Wind (1992) , few studies can suffer this kind of comparison given the methodological differences between them. Still on the methodological point of view, the samples used in the works are 
